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Specification 



1. Title of Invention 

Liquid Crystal Panel 

2. Claim 

(1) A liquid crystal panel of so-called an active matrix type, which has 
gate lines, source lines, and high-voltage lines and low-voltage lines each of 
which is held at a substantially constant potential while at least one picture 
plane is rewritten, wherein a pixel selection transistor in which a gate 
electrode is connected to said gate line and a source electrode is connected to 
said source line, a switching transistor in which a gate electrode is connected 
to said drain electrode of said pixel selection transistor and a drain electrode 
is connected to said low-voltage line, a load transistor or an ohmic resistor 
which is connected between said source electrode of said switching transistor 
and said high-voltage line, and a liquid crystal element in which a pixel 
electrode is connected to said source electrode of said switching transistor 
and an opposite electrode is held at a potential that is approximate to that of 
said high- voltage line are provided for each pixel. 

3. Detailed Description of the Invention 

The present invention relates to a liquid crystal cell which is used in a 
plane display or the like. 
[Prior Art] 

Fig. 4 shows the constitutional example of a pixel of a conventional 
liquid crystal panel of an active matrix type shown in, for example, JP-A-1- 
200231. Fig. 4 is an equivalent circuit of one pixel of the liquid crystal panel 
using a thin film transistor. Reference numeral (2) denotes a gate line; (5) a 
source line; (40) a pixel selection transistor; (21) a gate electrode; (51) a 
source electrode; (61) a drain electrode; (10) a liquid crystal element 
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constructing one pixel; (7) a pixel electrode; (8) a liquid crystal layer; and (9) 
an opposite electrode. As a pixel selection transistor (40), a thin film 
transistor is used in many cases. 

In the conventional active matrix type liquid crystal panel, the gate 
electrode (21) of a pixel selection transistor (400) is connected to a gate line 
(20), the source electrode (51) is connected to a source line (50), and the 
drain electrode (61) as a signal output terminal is connected to the pixel 
electrode (7). While the gate line (2) is selected, the potential of the pixel 
^ 4ectrode (7) is substantia ll y equal to the potential Vs of the — so urce electr ode^ 
(51). The liquid crystal layer (8) is sandwiched between the opposite 
electrode (9) and the pixel electrode (7) and exhibits an electric optical effect 
due to a potential difference between the two electrodes in accordance with 
the level of the potential Vqut of the pixel electrode (7). 

Fig. 5 is a timing chart when the liquid crystal panel is driven. Fig. 5(a) 
shows the potential Vq of the gate electrode. Fig. 5(b) shows the potential Vs 
of the source electrode, Fig. 5(c) shows the potential Vqut of the pixel 
electrode, and Fig. 5(d) shows the transmittance Tlc of the liquid crystal 
layer. 

The operation of the conventional panel will now be described. 

While one frame is rewritten, gate lines (20) are sequentially selected 
by selection pulses shown in Fig. 5(a). The potential Vs (shown in Fig. 5(b)) 
of the source electrode (51) when the gate line (20) is selected is written as a 
potential Vqut of the drain electrode (61) and the pixel electrode (7) of each 
pixel (shown in Fig. 5(c)). When the potential of the pixel electrode (7) is 
held until the next signal is written, the transmittance Tlc (shown in Fig. 

txicit tii«^ ^i^yiay \jp&icm.v/ii wj.tii iiv/ xxiwjvwx j.o pwixwi-iiiwu. 

[Problems that the Invention is to Solve] 

Since the conventional liquid crystal panel is constructed as mentioned 
above, in the case where required charges are accumulated in the pixel 
electrode for a period of gate selecting time, a voltage which is applied to the 
liquid crystal layer is decreased due to charge dissipation caused by a 
transient current through the liquid crystal layer, a leakage current in the 
transistor or liquid crystal, or the like for a period of frame rewriting time, 
so that there is a problem that flicker occurs. 

In order to solve the problem, hitherto, a process for providing a holding 
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capacitance between the gate electrodes at the front stage of the pixel 
electrode has been performed. However, in the case where the resistance 
value of the liquid crystal layer is small, it is necessary to prevent a decrease 
in applied potential to the liquid crystal by providing a fairly large holding 
capacitance. Consequently, a problem that the above fact results in a 
decrease in aperture ratio is caused. 

The invention is made to solve the problems as mentioned above and it 
is an object of the invention to provide a liquid crystal panel which 
essentially has no f licJceiL,and_j^hich can perform good binary— display w hen 
liquid crystal material having a small resistance value is used. 
[Means for Solving the Problems] 

A liquid crystal panel according to the invention is characterized in that 
on an array substrate of the liquid crystal panel, in addition to gate lines and 
source lines, high-voltage lines and low-voltage lines are provided, an 
inverter circuit, to which an output of a pixel selection transistor is inputted 
and which is connected to the high-voltage line and the low-voltage line, is 
provided for each pixel, and the output voltage of the inverter circuit is 
applied to a pixel electrode of a liquid crystal display. 
[Operation] 

In the liquid crystal panel according to the invention, since the potential 
of the pixel electrode is held at that of the high-voltage line or low-voltage 
line in correspondence to the output of the pixel selection transistor until the 
next signal is inputted, a fluctuation in potential of the pixel electrode caused 
by a transient current through a liquid crystal layer, a leakage current in the 
pixel selection transistor or liquid crystal layer, or the like can be avoided, so 
that a satisfactory binary display with no flicker can be realized. 

An embodiment of the invention will now be described with reference 
to the drawings hereinbelow. Fig. 1 is a diagram showing a construction as 
an equivalent circuit in one pixel of a liquid crystal panel according to the 
embodiment. Reference numeral (500) denotes the switching transistor and 
reference numeral (600) indicates a load transistor. Each of the transistors is 
an n-channel enhancement type. Reference numerals (21), (22), and (23) 
denote the gate electrodes of the transistors (400), (500), and (600), 
respectively; (51), (52), (53) the source electrodes of the transistors, 
respectively; (61), (62), (63) the drain electrodes of the transistors. 
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respectively; (20) the high-voltage line; and (30) a low-voltage line. The 
high-voltage line (20), low-voltage line (30), switching transistor (50), and 
load transistor (60) construct an inverter circuit (70). Reference numeral 
(90) denotes a load capacitor. The drain electrode (61) of the pixel selection 
transistor (40) is connected to the load capacitor (90) and an input terminal 
of the inverter circuit (70). The inverter circuit (70) is a circuit of what is 
called an NELS type constructed by two n-channel enhancement type 
transistors. The drain electrode (62) of the switching transistor (50) is 

connected to the low-voltage line (30) and the source elec trode (5 2) i s 

connected to the source electrode (53) of the load transistor (60). The gate 
electrode (23) and drain electrode (63) of the load transistor (60) are 
connected to the high- voltage line (20). An output terminal of the inverter 
circuit (70) is connected to the pixel electrode (7). The potential of the pixel 
electrode (7) is held at either one of the potential Vl of the low-voltage line 
(30) and the potential Vh of the high-voltage line (20) in accordance with the 
level of the input potential of the inverter circuit (70). 

Fig. 2 is a diagram showing a timing chart when the liquid crystal panel 
of the embodiment is driven. Fig. 2(a) shows the potential Yq of the gate 
electrode. Fig. 2(b) shows the potential Vs of the source electrode. Fig. 2(c) 
shows the potential Vjn of the drain electrode, Fig. 2(d) shows the potential 
VouT of the pixel electrode, and Fig. 2(e) shows the transmittance Tlc of the 
liquid crystal layer. 

The operation of the embodiment will now be described. 

In the case where a pixel is selected, when the gate line (2) to which the 
pixel selection transistor (40) is connected is selected, the potential Vs of the 
source line (5) to which the pixel selection transistor r40^ ir 

held at a high potential until the next gate is selected. The output Vqut of 
the inverter circuit (70) is approximate to the value of the potential Vl- In 
the case that the potential Vcom of the opposite electrode (9) is set to a 
potential that is equal to the potential Vh, a voltage Vlc (= Vqut -> Vcom) 
applied to liquid crystal is substantially equal to a value of (Vl -> Vh), so that 
the writing can be performed to the liquid crystal element (10). 

On the other hand, when the gate line (2), which is connected to the 
pixel that is not selected, is selected, the potential Vs of the source line (5) is 
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set to a low potential. Due to this, the inverter input Vjn is held at a low 
potential until the next gate is selected, so that the output Vqut of the 
inverter is approximate to the value of the potential Vr. Therefore, the 
voltage Vlc is substantially equal to OV and the pixel can be set in a non- 
selecting state. 

In the aforementioned embodiment, although the n-channel 
enhancement type thin film transistor is used as a thin film transistor 
constructing each pixel, a semiconductor material such as amorphous silicon 

film, polysilic e n film, CdS film, or the like -w hich is -o ften used in the liqu id 

crystal panel can be used as an active layer. 

As a substrate on which the array is formed, a glass substrate is 
generally used. A semiconductor crystal substrate such as crystal silicon or 
the like can be also used. In this case, instead of the thin film transistors, 
MOS transistors can be also formed in the substrate to form the array 
substrate. Further, in the case of using a p-channel transistor or a depletion 
type one, the effect similar to the above can be expected by properly 
selecting the construction of the inverter circuit. 

Further, in the above mentioned embodiment, the load transistor of the 
inverter circuit can be placed with an ohmic resistor or the like. Further, in 
the case that the gate line at one preceding stage is used as a low-voltage 
line, the effect is hardly changed. Further, the low-voltage line and high- 
voltage line can be also constructed as conductive films covering the whole 
display surface. 

In the driving operation, it is important that the potential of the low- 
voltage source is made different from that of the high-voltage source and the 
potential is held for almost one frame time. The levels of the other 

correspondence to the physical properties of liquid crystal or characteristics 
of an array circuit. 

Use of the liquid crystal panel of the embodiment shown in Fig. 1 allows 
a driving due to an active matrix method of ferroelectric liquid crystal. 

Fig. 3 is a timing chart at the time of the driving operation, Fig. 3(a) 
shows the potential Vg of the gate electrode, Fig. 3(b) shows the potential Vs 
of the source electrode, Fig. 3(c) shows the inverter input potential Vjn, Fig. 
3(d) shows the potential Vh of the high-voltage line. Fig. 3(e) shows the 
potential Vl of the low-voltage line. Fig. 3(f) shows the voltage Vlc applied 
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to the liquid crystal element, Fig. 3(g) shows the transmittance Tlc of the 
liquid crystal layer. 

The liquid crystal layer (8) is constructed by ferroelectric liquid crystal 
(hereinbelow, referred to as an FLC ) in which polarization inversion is 
caused by bipolar pulses or simple rectangular pulses and which has high 
memory performance. In this instance, the driving due to the bipolar pulse 
is shown as an example. Upon driving, first, while image data is written into 
the load capacitor (90) (periods A in Fig. 3), the potentials Vh and Vl are set 
.to_a^Qteiiti a l t h at is subst a nti a lly equ a l to the potential Vcqm- Therefore, in 
this case, irrespective of the value of image data, each pixel has Vlc to OV 
and the liquid crystal element (10) of each pixel holds the display state of a 
previous frame. 

Subsequently, after the image data is written, erasing pulses of a decree 
that the polarization inversion of the FLC is caused are supplied to the 
potentials Vh and Vl (periods B in Fig. 4). Due to this, irrespective of the 
value of the image data, the memory state of the liquid crystal element (10) 
of each pixel is erased. 

Subsequently, writing pulses of a degree that the polarization inversion 
of the FLC is caused are supplied to only the potential Vh (periods C in Fig. 
4). A response of the FLC at that time differs depending on the inverter 
input potential Vjn of each pixel, namely, the value of the written image 
data. When the input potential to the inverter is low, Vqut -> Vh- The pulses 
are written into the pixel electrode (7) in accordance with the supply of the 
writing pulses to the potential Vh, so that the polarization inversion in the 
FLC is caused. On the other hand, when the input potential to the inverter is 

hiffh. VruTT -> Vt f= Voi^XiT^ sn that thf> r\r^^Ciri'7at\r\r^ in^rot-o^i^n ♦Uz* "DT 

liquid crystal panel can be realized. 
[Effect of the Invention] 

As mentioned above, according to the invention, the output of the pixel 
selection transistor is used as an input, there is provided the inverter circuit 
which is connected between the high-voltage line and the low-voltage line 
and which is constructed by the switching transistor and the load, the output 
of the inverter circuit is supplied to the pixel electrode of the liquid crystal 
element, and the potential is held constant for almost one frame time. 
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Consequently, there is no flicker caused by the decrease in pixel potential 
due to dielectric relaxation of liquid crystal or leakage current in the thin 
film transistor and there are effects to obtain the liquid crystal panel, which 
can perform a favorable binary display. 
4. Brief Description of the Drawings 

Fig. 1 is an equivalent circuit showing the construction of one pixel of a 
liquid crystal panel according to an embodiment of the invention; Fig. 2 is a 
timing chart of the embodiment; Fig. 3 is a timing chart upon another driving 
operation of the embodiment; _Fig.^_is_aiLequiy_aleiiL_circuit d iagram o f one 
pixel of a conventional liquid crystal panel; and Fig. 5 is a timing chart of the 
conventional panel. 

[Description of the Reference Numerals] 

(2) gate line, (21), (22), (23) gate electrode, (5) source line, (51), (52), 
(53) source electrode, (61), (62), (63) drain electrode, (7) pixel electrode, 
(8) liquid crystal layer, (9) opposite electrode, (10) liquid crystal element, 
(20) high-voltage line, (30) low-voltage Hne, (40) pixel selection transistor, 
(50) switching transistor, (60) load transistor, (70) inverter circuit 

In the diagram, the same reference numerals denote the same or 
corresponding component elements. 
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